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,Q UHFHQW \HDUV PDQ\ LQYHVWLJDWLRQV KDYH FRQFHQWUDWHG RQ H[SHULPHQWDOO\ GHWHUPLQLQJ WKH SHUIRUPDQFH RI
DXVWHQLWLFVWDLQOHVVVWHHOWUHDWHGE\/7&&>@7KHUHVXOWVVKRZWKDWWKHLQFUHDVHRIZHDUIDWLJXHDQGFRUURVLRQ
UHVLVWDQFHLVEHFDXVHRIWKHSHUPHDWLRQRIDFWLYHFDUERQDWRPVDQGWKHLUJUDGLHQWV'XULQJD/7&&SURFHVVLWLVYHU\
GLIILFXOW WR PRQLWRU DQG LQYHVWLJDWH WKH G\QDPLF UHVSRQGLQJ SURFHVV LQ WKH WDUJHW E\ PHDQV RI H[SHULPHQWDO
DSSURDFKHV',&75$'LIIXVLRQ&RQWUROOHG7UDQVIRUPDWLRQLVXVHGDVDWRROIRUVLPXODWLQJWKHGLIIXVLRQSURFHVVLQ
PXOWLFRPSRQHQWDOOR\VFRPELQHGZLWK7KHUPR&DOF >@7KH ILUVWSXEOLVKHG',&75$VLPXODWLRQVZHUHUHSRUWHG
E\ (NURWK HW DO >@ 6XGKD >@ SUHGLFWHG WKH FDUERQ GLVWULEXWLRQ DQG WKH FRQFHQWUDWLRQ RI FDUELGHV RI /1
DXVWHQLWLFVWDLQOHVVVWHHO*DUFLD>@VLPXODWHGWKHSURFHVVRIQLWULGLQJRIDOOR\:7L7D1E&R&DWćWKH
VLPXODWLRQ UHVXOWV ZHUH DOO FRQVLVWHQW ZLWK WKH H[SHULPHQW UHVXOWV *KRVK DQG 2OVRQ >@ DQDO\]HG WKH HIIHFW RI
VLOLFRQ RQ WKH SUHFLSLWDWLRQ RI SDUDHTXLOLEULXP FHPHQWLWH +|JOXQG DQG cJUHQ >@ LQYHVWLJDWHG WKH GLIIXVLRQ RI
FDUERQXQGHUWKHJUDGLHQWRIWHPSHUDWXUHDQGPRGLILHGWKHGDWDSUHVHQWHGE\2NDIRUHWDO>@5RZDQ>@VWXGLHG
WKHGLIIXVLRQRIFDUERQLQVHYHUDOGLIIHUHQWVWDLQOHVVVWHHOVDQGDQDO\]HGWKHHIIHFWRIWKHFRQWHQWRIDOOR\HOHPHQWVRQ
PDVV WUDQVIHU DQGGLVWULEXWLRQRI FDUERQ7XUSLQ >@ LQYHVWLJDWHG WKHGLIIXVLRQRI FDUERQDQGSKDVH WUDQVLWLRQRI
KLJK DOOR\ VWDLQOHVV VWHHO LQ WKH PL[WXUH RI PHWKDQH DQG K\GURJHQ 7KHVH LQYHVWLJDWLRQV DUH DOO OLPLWHG WR KLJK
WHPSHUDWXUH FDUEXUL]DWLRQ RU QLWULGDWLRQ :LWK WKH LQFUHDVLQJ ZLGH DSSOLFDWLRQ DQG PRUH FRPSOLFDWHG VHUYLFH
HQYLURQPHQWRIDXVWHQLWLFVWDLQOHVVVWHHO/7&&ZLOOFHUWDLQO\DWWUDFWPRUHDQGPRUHFRQFHUQV
,Q WKLVSDSHUD',&75$PRGHO LVHVWDEOLVKHGWRSUHGLFW WKHFDUERQFRQFHQWUDWLRQDQGGLVWULEXWLRQRIDXVWHQLWLF
VWDLQOHVV VWHHO WUHDWHG E\/7&&XVLQJ',&75$PHWKRG$Q H[SHULPHQW LV GHVLJQHG WR YHULI\ WKHPRGHO2Q WKH
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',&5$PRGHO
2.1. Material 
7KHPDWHULDOXVHG LQ WKHSUHVHQWVWXG\ LV/DXVWHQLWLFVWDLQOHVVVWHHOZKRVHFKHPLFDOFRPSRVLWLRQV OLVWHG LQ
7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQVRI/DXVWHQLWLFVWDLQOHVVVWHHOZW
& 6L 0Q 6 3 &U 1L 0R
       
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2.3. Governing equation 
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H[DPLQHG E\ RSWLFDO PLFURVFRS\ 20 ;UD\ GLIIUDFWLRQ ;5' DQG HOHFWURQ SUREH PLFURDQDO\VLV (30$
UHVSHFWLYHO\











$Q20PLFURJUDSK RI WKH WUDQVYHUVH VHFWLRQ RI ORZ WHPSHUDWXUH FDUEXUL]HG / DXVWHQLWLF VWDLQOHVV VWHHO LV
VKRZQ LQ)LJ7KHFDUEXUL]HG OD\HUGHSWK LVDERXWȝP)LJFRPSDUHV WKH;5'VSHFWUXPRIRULJLQDODQG
FDUEXUL]HG OD\HUVXUIDFH7KHUHIOHFWLRQSHDNVRIFDUEXUL]HG OD\HUDUH WKHVDPHDV WKRVHRIRULJLQDOVWDLQOHVVVWHHO
LQGLFDWLQJWKDWWKHSKDVHFRQVWLWXWLRQRIFDUEXUL]HGOD\HULVVWLOODXVWHQLWHEXWVKLIWHGWRORZHUDQJOHV$OOLQILOWUDWHG
FDUERQDWRPVDUHGLVVROYHG LQDXVWHQLWLF ODWWLFH UHVXOW LQ ODWWLFHH[SDQVLRQd LQFUHDVHVZKLFK OHDGV WR WKH ORZHUș
ZLWKWKHVDPHȜDFFRUGLQJWR%UDJJHTXDWLRQȜ dVLQș
)LJXUH  VKRZV WKH H[SHULPHQWDOO\ GHWHUPLQHG FDUERQ GLVWULEXWLRQ LQ FDUEXUL]HG OD\HU 7KH /7&&SURGXFHV D
PD[LPXPFDUERQ FRQFHQWUDWLRQRI DERXW ZW DQG WKH FDUERQ FRQFHQWUDWLRQ LQ WKH OD\HU JUDGXDOO\ GHFUHDVHV
XQWLOWKHVXEVWUDWHYDOXHLVUHDFKHG
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&+  
7DEOHOLVWVWKHHTXLOLEULXPFRQFHQWUDWLRQDQGSDUWLDOSUHVVXUHRIPDLQFRPSRQHQWVLQWKHPL[WXUHRI&2
+1DWć ,WFDQEHIRXQGWKDW&2FRQFHQWUDWLRQGHFUHDVHV WREXW WKHFRQFHQWUDWLRQRI&+
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3.2. Effect of carburizing temperature 
7KHFDUEXUL]LQJWHPSHUDWXUHLVWKHPRVWLPSRUWDQWIDFWRURIWKH/7&&:LWKWKHLQFUHDVHRIWHPSHUDWXUH'ȕDQG
VROXELOLW\RI FDUERQ LQ DXVWHQLWH LQFUHDVH VLJQLILFDQWO\)RXU FDUEXUL]LQJ WHPSHUDWXUHć ć ć DQG
ćDUHDSSOLHGWRLQYHVWLJDWHWKHLQIOXHQFHXQGHUWKHVDPHFDUERQDFWLYLW\DQGKFDUEXUL]LQJWLPH)LJ
VKRZVWKDWWKHFDUERQGLVWULEXWLRQVRI/DXVWHQLWLFVWDLQOHVVVWHHOIRUGLIIHUHQWFDUEXUL]LQJWHPSHUDWXUH,WFDQ
EHVHHQ WKDW WKH VXUIDFHFDUERQFRQFHQWUDWLRQ LQFUHDVHV WRDERYHZWDIWHU/7&& IDUH[FHHGV WKHHTXLOLEULXP
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3.3. Effect of carburizing time 







GULYLQJ IRUFH RI FDUERQ WUDQVIHU LV ODUJH:LWK WKH FDUEXUL]LQJ WLPH LQFUHDVHV WKH VXUIDFH FDUERQ FRQFHQWUDWLRQ
LQFUHDVHV UDSLGO\2QFH WKHFDUEXUL]LQJ WLPHH[FHHGVK WKHFDUERQDFWLYLW\RI DXVWHQLWLF VWDLQOHVV VWHHO LV DOPRVW
HTXDOZLWKFDUEXUL]LQJJDVUHVXOWLQWKHPDVVIOX[RIFDUERQDWVXUIDFHGHFUHDVLQJWRQHDU]HURDFFRUGLQJWR(T
WKH VXUIDFH FDUERQ FRQFHQWUDWLRQ DQG WKH GHSWK RI FDUEXUL]HG OD\HU UHPDLQV QHDUO\ FRQVWDQW EXW WKH JUDGLHQW RI
FDUERQFRQFHQWUDWLRQGHFUHDVH
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3.4. 3.4. Effect of activity of carburizing gas 
7KH FDUERQ DFWLYLW\ RI FDUEXUL]LQJ JDV GHWHUPLQHV WKH VXUIDFH FDUERQ FRQFHQWUDWLRQ RI FDUEXUL]HG OD\HU 7KH
FDUERQGLVWULEXWLRQRI/VWDLQOHVVVWHHOIRUGLIIHUHQWFDUERQDFWLYLW\RIFDUEXUL]LQJJDVDIWHU/7&&DWćIRU
































FDUEXUL]HG DXVWHQLWLF VWDLQOHVV VWHHO E\ ',&75$ :LWK WKH DLG RI WKH PRGHO WKH LQIOXHQFHV RI FDUEXUL]LQJ








 7KH VXUIDFH FDUERQ FRQFHQWUDWLRQ LQFUHDVH ZLWK WKH FDUERQ DFWLYLW\ RI FDUEXUL]LQJ JDV LQFUHDVH EXW WKH
WKLFNQHVVRIWKHFDUEXUL]HGOD\HULVXQFKDQJHG
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